Abstract: A field experiment was conducted during summer 2009 under irrigation on weed management practices in summer groundnut (Arachis hypogaea L.). The experiment was conducted at the College of Agriculture and Zonal Agricultural Research Station farm, Shimoga, Karnataka, India. Recommend cultural practices recorded a higher pod yield (2880 kg ha -1 ), which was statistically in par (p>0.05) with preemergence application of imazethapyr at 100 g a. i. ha -1 (2791 kg ha -1 ). Application of herbicides recorded a higher weed control efficiency compared to farmer's practice and weedy check. Among the herbicides tested, the pre-emergence application of imazethapyr (100 g a.i. ha -1 ) performed better than alachlor (2.0 kg a. i. ha -1 ), metolachlor at 1.0 kg a.i. ha -1 ) and pendimethalin (1.0 kg a. i. ha -1 ). Pre-emergence application of imazethapyr (100 g a. i. ha -1 ) recorded a higher net returns (Indian 53,220 ha -1 ) and a higher benefit:cost ratio (2.22) among the herbicide treatments.
Introduction
Groundnut (Arachis hypogaea L.) is one of the most important oilseed crops of India. Summer groundnut crop is generally sown in January, due to low atmospheric temperature. Due to a slow growth rate up to 45 days after sowing, this crop is severely affected by weeds (Mohapatra, 2005) . Mechanical control of weeds has become due to increased cost of operation and scarcity of labour (Gujjari et. al., 1995) , though time consuming, expensive and tedious. Chemical control of weeds forms an excellent alternative to manual weeding. The productivity of groundnut under irrigated condition in Karnataka in India during Rabi and summer condition is not stable due to various reasons, with weed infestation serving as one of the major problems (Kori et al., 1997) . Weeds not only compete with crops for moisture, nutrient, sunlight and space, but also interfere with pegging, pod development and harvesting of groundnut. Yield loss due to weed infestation varied from 17 % to 84 % in groundnut (Dharam et al., 1992) . The present experiment was conducted to study the efficacy of pre-emergence and post-emergence application of herbicides and cultural (agronomic) practices in controlling weeds of summer groundnut.
Materials and Methods
A field study was conducted in red loamy sand soil during summer 2009 at the College of Agriculture and Zonal Agriculture Research Station farm, Shimoga, India. The experiment was laid out in a randomized complete block design with three replicates, and consisted of 14 treatments of which 10 treatments were herbicidal applications. Five herbicides were applied as pre-emergence (pre-em) and the rest were post-emergence (post-em). Seven herbicides were new compounds viz., aryloxyphenoxypropionics (fenoxaprop-P, fluazifop-P and quizalofop-P), diphenylethers (oxyfluorfen), imidazolinones (imazaquin and imazethapyr) and sulfonylurea (chlorimuron-ethyl) herbicide groups. These herbicides were compared with the recommended herbicides such as acetamide (alachlor, metolachlor) and dinitroaniline (pendimethalin) group herbicides. The application rate and time of application are shown in Table 1 . The farmer-practice i.e. two inter-cultivations at 20, 40 days after sowing (DAS) followed by one hand weeding at 40 DAS (2 IC + 1 HW) and recommended cultural practice i.e. hand weeding at 20 and 40 DAS followed by two intercultivations @ 30 and 45 DAS (2 HW + IC) along with two controls viz. weedy check (un-weeded control) and weed-free check (weed-free throughout the crop duration) were used. These treatments were imposed to groundnut (A. hypogaea) variety TMV-2 (bunch type) in the summer season. The soil of the experimental site was an Alfisol having 210.5, 50.4 and 290 kg ha -1 of N, P 2 O 5 and K 2 O, respectively, with pH 6.5 pH and 0.53 % of organic carbon. The crop was sown at 30 cm × 10 cm spacing and fertilized with 25:75:38 kg N:P 2 O 5 :K 2 O ha -1 in the form of urea, single super phosphate and muriate of potash, respectively. The net plot size was 4.2 m × 3.6 m. Net returns were calculated based on the prevailing market price during the experimental period. The weed control efficiency (WCE) was calculated on dry weight basis by adopting the Equation 1 (Mani et al., 1976) and expressed in percentage.
WCE (%) =
Weed dry weight in the un-weeded control -Weed dry weight in the treatment plot × 100 Weed dry weight in the un-weeded control Similarly, the weed index (WI) was calculated on seed yield basis by using the Equation 2 (Gill and Vijayakumar, 1969) and expressed in percentage. The benefit cost (B:C) ratio was based on gross returns.
Yield of the crop in weed free plot -Yield of treated plot
Yield of weed free plot
The results were analyzed following the Fisher's method of analysis of variance (Cochran and Cox, 1965) , with the level of significance tested at p=0.05.
Results and Discussion
Nature of weed flora The predominant weed flora observed in the experimental field includes grass
Portulaca oleracea L., Sida acuta N. Burman) and Spilanthus acmella (L.) Murr., and sedges such as Cyperus iria L. and C. rotundus L.
Effect on crop yield
The data presented in Table 1 indicate that the pod yield of groundnut differed significantly (p<0.05) due to different weed control treatments. The recommended cultural practice recorded a higher pod yield (2880 kg ha -1 ), which was statistically similar (p>0.05) with plots subjected to pre-emergence application of imazethapyr (100 g a.i. ha ). In the present study, pre-emergence application of imazethapyr (100 g a.i. ha -1 ) gave the highest pod yield among the herbicides tested owing to effective control of weeds from the early growth stages. Similar result was also recorded by Jayarama (2001) .
Weed index and higher weed control efficiency
Application of herbicides recorded a lower weed dry weight and weed index (WI) (higher weed control efficiency -WCE) compared to the farmer's practice and weedy check. Among the herbicides evaluated, the pre-emergence application of ) with respect to WCE and WI. These results were supported by the observations made on dry weight of weeds recorded at harvest (Table 1) . These herbicides are relatively broad spectrum and thus, have minimized emergence and growth of most weeds. These results confirm the earlier findings of Selvamani and Sankaran (1992) in groundnut. Table 1 . Pod yield, weed dry weight, weed control efficiency and weed index at harvest in summer groundnut as influenced by weed management practices * a.i. per ha; DAS=Days after sowing, Pre-em=Pre-emergence; Post-em=Post emergence; HW=Hand weeding; IC=Inter-cultivation; SE=Standard error of the mean; C.D.=Critical difference.
The dry weight of weeds at harvest was significantly higher (646 kg ha -1 ; p<0.05) in farmer's practice compared to the rest. Among the herbicide treatments, the post-emergence application of fenoxaprop-P (75 g a.i. ha , respectively; p<0.05) and higher WI (25 %, 23.25 % and 21.50 %, respectively). This may be due to their ability to control only grassy weed species and ineffective on controlling broad-leaved weeds and sedges. ) and lower marginal B:C ratio (11.06). Among the herbicide treatments, the pre-emergence application of imazethapyr (100 g a.i. ha ; (Indian Rs 45,873 ha -1 and 2.02 respectively) compared to all other treatments (Table 2) . 
